The burden of diseases associated with diabetes mellitus is dramatic: adults with diabetes mellitus are 2 to 4 times more likely to have cardiovascular diseases than those without it, and at least 65% will die because of diabetes complications. The revascularization strategy in these types of patients included percutaneous coronary interventions with bare metal stents or medicated stents and surgical coronary artery bypass grafting (CABG), but it is well known that in the diabetic patient with two or more vessel disease, the surgical strategy allows the best mid-and longterm results. Moreover, benefits of CABG surgery are limited by life expectancy of the most common type of graft, the saphenous vein (SV). Nearly 40 years after the introduction of bypass surgery, the rate of vein graft failure remains at high levels. Several arterial conduits had been studied as alternative conduits to SV: the Right Internal Thoracic Artery (RITA), the Radial Artery (RA), the Gastroepiploic Artery (GEA) and the Inferior Epigastric Artery (IEA), 40 years ago. The aim of our article is to review the scientific literature of the past 15 years to answer this question: are we ready to treat the diabetic patient, with a completely arterial revascularization, avoiding the use of the great saphenous vein grafts?
INTRODUCTION
The burden of diseases associated with diabetes mellitus is dramatic: adults with diabetes mellitus are 2 to 4 times more likely to have cardiovascular diseases than those without it, and at least 65% will die because of diabetes complications [1] .
The national burden of cardiovascular diseases caused by diabetes mellitus is increasing, at an unprecedented rate in all western countries [1, 2] .
Cardiovascular disease in diabetics is clinically challenging because they tend to be extensive with multivessel involvement [3, 4] .
It is why surgical revascularization has been reported to be well suited for diabetic patients [5, 6] .
Typically, the elderly are the patients waiting for coronary artery bypass grafting (CABG) surgery with diabetes mellitus. Female gender is increasing in the diabetic population. Diabetic patients often have a history of hypertension and myocardial infarction. Frequently, they have manifestations of congestive heart disease, resulting in NYHA classification III-IV. It has been shown that diabetic patients have a smaller vessel diameter [7] , and statistically they have three-vessel disease more frequently and a lower left ventricular ejection fraction [8, 9] .
The revascularization strategy in these types of patients included percutaneous coronary interventions with bare metal stents or medicated stents and surgical coronay artery bypass grafting, but it's well known that in the diabetic patient with two or more vessel disease, the surgical strategy allows the best mid-and long-term results [10] .
Moreover, the benefits of CABG surgery remain limited by the life expectancy of the most common type of graft, the saphenous vein. Nearly 40 years after the introduction of bypass surgery, the rate of vein graft failure remains at high levels [11] .
The introduction of the left internal thoracic artery (LITA) graft radically changed the long term patency and survival of patients who underwent CABG [12] . This conduit has shown a remarkable patency rate in several long-term series all around the world. So the introduction of the first arterial conduit has opened to the research of others arterial conduits which could be used with the same results of the LITA.
Several arterial conduits had been studied as alternative ones to saphenous vein (SV): the right internal thoracic artery (RITA), the Radial Artery (RA), the gastroepiploic artery (GEA) and the inferior epigastric artery (IEA) [13] .
The aim of our article is to review the scientific literature of the past 15 years to answer to this question: are we ready to treat the diabetic patient with a completely arterial revascularization, avoiding the use of the great saphenous vein grafts?
MATERIALS AND METHODS
Our search strategy was: Medline 2002 to 2013 using pubmed interface (total arterial) and (CABG) and (diabetes).
More than 35 articles were found; from these 24 articles were identified as providing the best evidence to answer the question ( Table 1) .
RESULTS

The Bilateral Internal Mammary Artery
(BIMA) and the Multiple Internal Mammary Artery (MIMA)
RITA possesses the same molecular and cellular characteristics that contribute to a unique resistance to atherosclerosis and extremely high long term patency rates as the LITA. The vasoactivity of this arterial conduit has also well characterized: the RITA produces significantly more prostaciclin, a vasodilator and platelet inhibitor, than the saphenous vein and as well as the LITA. The harvest technique is similar to the LITA and it has been proposed as a skeletonized or pedicled graft for the proximal right coronary artery (RCA) or as a skeletonized or pedicled free graft for the branches of the left coronary artery (LCA) as a Y graft anastomosed to the LITA or an another arterial graft as the radial artery (RA) or a venous graft [14] . Both conduits used as a direct graft or a Y graft seem to have a positive effect on the outcome of diabetic patient undergoing CABG procedures.
The practice of using multiple arterial conduits for CABG is supported by reports showing their early operative morbidity and mortality results to be equivalent or better than for CABG with a single arterial graft [15] [16] [17] .
Formica, et al. and Dorman, et al. founded a 12 to 15 years improvement in the late outcome of patients who underwent CABG with the use of BIMA [2, 18] .
Apparently, none of the surgical techniques utilized to perform operations demostrated a superiority in terms of graft patency, in-hospital and late mortality and morbidity [2, [19] [20] [21] .
LITA and RITA have been used as peduncolated or skeletonized graft, with direct anastomosis on the target vessels or in composite grafts (Y graft), used to perform the revascularization of a single coronary branch or more coronary branches [19, 21] [2, [19] [20] [21] [22] .
In all these studies, the incidence of surgical wound infections and mediastinitis is comparable to non-diabetic patients.
Only one study has reported data in contrast to those listed above: Saito, et al. [23] compared the use of SIMA versus BIMA in a large sample of 7702 cases with a propensity matched analysis and he found that the use of BIMA did not affect either short-term survival as postoperative mortality was low in both groups or overall morbidity despite higher incidence of deep sternal infection. This study has the limitation of a 30 days post-intervention follow up and the finding of an higher rate of wound infection is not reported in other propensity matched studies [2, 22, 24, 25] .
The Radial Artery (RA)
The use of a radial artery as a conduit for coronary artery bypass grafting was first described by Carpentier in 1973 [26] . Early patency rates were poor and the interest in the use of this conduit faded. The radial artery possesses a pronounced medial layer and is highly vasoreactive. Cosmetic concerns have also been cited as a deterrent for radial artery usage.
Surgeons' interest in radial artery as a graft for CABG has a known revival in the last 20 -25 years with the improvements of the harvesting techniques [27] and the identification of the pharmacological agents to prevent the graft spasm [13, 28] .
The long-term outcome after CABG depends on graft patency. Previous angiographic observational studies have shown that the RA achieved excellent short-(96% -100%), mid-(94% -97%), and long-term graft patency (84% -96%) when used as either an aortocoronary bypass or a composite graft [13, [29] [30] [31] . reported similar long-term graft patency [44] [45] [46] [47] .
Only the Cleveland Clinic reported worse graft patency of the RA than the SV [48] .
Possati, et al. reported the long-term (105 ± 9 months) graft patency of RA grafts in a series of 90 consecutive CABG patients [36] .
The RA graft patency was 88%, which was less than that of the LITA (96%), but better than that of the SV (53%). Although these results are encouraging the use of the RA as a complementary arterial conduit with the LITA, there are only a few long-term studies assessing RA graft patency in the setting of a randomized controlled trial.
The Radial Artery Patency Study (RAPS) investigators enrolled 561 patients in 13 centers [49] . In this trial, the RA graft was randomly assigned to bypass in either the right coronary territory or the circumflex coronary territory, with the SV graft used for the opposing territory, which had proximal lesions at least 70% of occlusion diameter narrowing. Angiography for 440 RA grafts and 440 SV grafts was performed in 440 patients in 1 year. They reported that 8.2% of RA grafts and 13.6% of SV grafts were completely occluded (P = 0.009). Diffuse narrowing of the graft (string sign) was present in 7.0% of the RA grafts and only 0.9% of SV grafts (P = 0.001). The absence of severe native vessel stenosis was a risk of graft occlusion and diffuse narrowing of the RA conduit (70% -89% proximal stenosis: 81.7%; >90% proximal stenosis: 91.5%). Patency of the RA grafts was similar in the right coronary and circumflex arteries. These is compatible with previous reports suggesting that the RA should be limited to grafting to native coronary vessels with a high degree of stenosis (>70%) because of graft sensitivity to competitive flow and diffuse narrowing [50, 51] .
Diffuse narrowing of the RA graft is thought to be of little or no clinical consequence because the narrowed graft may improve or work well late in the follow-up. However, cardiologists consider the string sign of the RA graft as a failure. As the string sign at 1 year is unfavorable toward a functioning RA or SV graft, 15.2% of RA grafts and 14.5% of SV grafts are occluded or functioning poorly. RA grafting should not be considered in the setting of <75% proximal coronary obstruction, especially in the right coronary branches [52] .
The RAPS Investigators also reported that diabetes (RR: 1.45, P = 0.03), female gender (RR: 1.78, P = 0.02), and small target vessel diameter (RR: 2.28, P < 0.01) are multivariate predictors of graft failure [53, 54] .
Graft occlusion was more common among diabetic patients (14% vs 10%) because of more frequent SV occlusion (19%) than RA occlusion (10%). The RA is protective in the small-sized coronary arteries with diffuse diabetic disease. As regards the gender, RA graft occlusion rate at 1 year was similar in men (8.6%) and women (5.3%) (P = 0.6), whereas SV graft occlusion rates were lower in men (12.0%) than in women (23.3%). A history of peripheral vascular disease was associated with an elevated risk of RA occlusion, but not with SV occlusion. On the contrary, angiographic studies of patients at the Cleveland Clinic found poor graft patency in the RA (51%) compared with the SV (64%). As concerns sex, women had significantly worse RA graft patency (39%) than men (56%) [30] .
The Radial Artery Patency and Clinical Outcome (RAPCO) study, was undertaken to compare angiographic patency and cardiac-event-free survival of the RA graft with that of the free RITA and SV during a 10-year period after CABG [55] .
The RA was compared with the free RITA in patients <70 years of age and with the SV in patients aged >75 years. The 5-year interim results of this single center trial conducted by Buxton, et al. in Australia reported that there were no differences in angiographic graft failure and cardiac events of the patients with the RA compared with the RITA or SV. The 5-year patency rates between the RA and RITA were 95% vs 100%, respectively, and those between the RA and SV were 87% vs 94%. However, these results were based on a small number of angiographic studies, and SV graft patency was very much better than in previous reports. The final results up to 10 years should clarify the long-term RA graft patency.
The Radial Artery Versus Saphenous Vein Graft Patency (RSVP) trial was a single-center, prospective, randomized clinical trial designed to compare 5-year patency rates of RA and SV aortocoronary grafts to the circumflex coronary artery [56] .
At 5 years, 103 patients among 142 enrolled patients underwent angiography. The graft patency of the RA (98.3%) was significantly (P = 0.04) better than that of the SV (86.4%). Graft narrowing occurred in 10% of patent RA grafts and 23% of SV grafts (P = 0.01).
In conclusion, despite the poor first outcomes of the RA graft, the progress of harvesting techniques and pharmacological therapy to prevent the radial spasm had lead to re-discover a useful arterial conduit with wide application opportunities expecially on the left coronary branches with patency rates comparable to the RITA's ones and superior to those of the SV graft.
The Right Gastroepiploic Artery (rGEA)
The right GEA represents another interesting option as a conduit for CABG. Several studies demonstrated similarities of this conduit with the internal thoracic artery. Of the other possible arterial conduits, the right gastroepiploic artery (r-GEA) has several advantages, such as providing a comparably sized artery-to-artery anastomosis, necessitating no additional incision in the leg or forearm, and histologic similarity to the ITA, which would suggest long-term patency [57, 58] .
In 1987, Pym and others authors [59] , have independently reported their successful clinical application of the GEA graft for CABG, and now over the last 2 decades, basic research and the clinical application of GEA has widely been undertaken. The GEA graft has a high clinical availability for CABG [60] , low incidence of arteriosclerosis [61] , and sufficient flow capacity [62] .
Its biological and physiological activity have been studied extensively [63, 64] .
Several investigators have shown that GEA can be used without increased morbidity, particularly in abdominal complications [65, 66] , and the late survival rate has been excellent in CABG with GEA plus internal thoracic artery grafts [18, 56, 67, 68] .
High tendencies to develop vasospasm and competitive flow in moderately stenotic coronary lesions, however, have been indicated as limitations of the in situ RGEA graft, but this tendence to develop spasm seems to be due to the use of pedicled r-GEA, while skeletonized r-GEA appears to have a significantly low rate of spasm [69] [70] [71] [72] .
Moreover, the lenght of this vessel, if it is used as a composite graft, allows to reach both coronary systems and to achieve a complete arterial revascularization [69] .
Suma, et al., in a study published on Circuation [57] , a large series of patients who recived a r-GEA graft, demonstrating that r-GEA has a patency rate superior to the SV one.
The Inferior Epigastric Artery (IEA)
The Inferior Epigastric Artery represents an infrequent arterial conduit used as a free graft for CABG. In our research in PubMed we did not find recent articles or trials about the use of this conduit in CABG so this section of our review is to complete the view of arterial conduits which are used or proposed for total arterial grafting.
For some authors, the artery exhibits favorable physiological vasoreactivity characteristics and its lenght, diameter and location are rather variable. After it has been harvested, it is treated like a radial artery in terms of preparation. It is used to create composite Y graft usually with an anastomosis with the LITA, RITA or SV [73] .
Some authors reported good patency rate in early postoperative follow up, even with angiography [74] , but the patients' series and the lack of mid-and long term follow up can't encourage a wide use of this conduit and it absolutely requires others clinical investigations on larger series of patients.
CONCLUSIONS
In a review of the literature of the last 15 years, it has been reported the superiority of total arterial coronary grafting in CABG, even in the long term follow-up.
The harvesting of this "addictional" conduit expands the operating time, but it has been shown that each of them improve the outcome of the coronaric patients undergoing CABG. Although diabetes is an independent risk factor for coronary artery disease and graft restenosis, the outcome of the diabetic patient is significantly improved by the use of total arterial grafting.
It is also clear that each arterial vessel we described, especially the radial artery, seems to have particular indications and a preferential anastomosis territory. The wide application and the utilization of these vessels need to be proved by multicenter randomized studies in the future.
Our opinion is that the use of total arterial myocardial revascularization should be encouraged, and cardiac surgery is near to avoid the use of saphenos vein graft in the scheduled coronary patient. 
